The present paper describes the synthesis and structural studies of new transition metal complexes of cobalt(II), nickel(II), copper(II) and cadmium(II) with two bi dentate ligands derived from quinoxaline-2,3-dione. The two ligands were fully identified by elemental analyses, FT-IR, NMR and UV-Visible spectra. The metal complexes of Co(II), Ni(II), Cu(II) and Cd(II) were isolated in the solid state after reactions of their metal chlorides with the ligands in 2:1 mole ratio. The isolated solid metal complexes were characterized with the help of elemental analyses, NMR, FT-IR and UV-Visible spectra. As well as the thermal stability of the coordinated quinoxaline polymers were tested by TG-DSC analysis and it is found that cleavage of terminal moiety was investigated, the strong coordinated bonds between oxygen donor atoms in L1 while nitrogen donor atoms of quinoxaline ring in the L2 with the metal ions. Furthermore, the thermal stability of cobalt(II), nickel(II), copper(II) and Cd(II) complexes were screened by TG-DSC analysis and the results helped us in the investigation of the proposed structure of the prepared complexes in the formula 
Introduction
Most of coordination polymers formed with heterocyclic derivatives [1] [2] [3] belongs to organic-inorganic hybrid materials. The variety of their structures leads to one of functional performances and thus the studies on them have aroused interest. The involvement of bridge ligands in the skeletal of metal complexes of pyrazine moiety may have affected on the physical properties of coordination polymers [4] . However, the polymers involving quinoxaline moiety have been interested in the field of diodes and semiconductors [5] . The Significant research efforts have been devoted to the synthesis of these new versions of conjugated polymers [6] [7] [8] . As well as the development of chelation of transition elements of the first row with poly dentate ligands of quinoxaline have introduced novel applications in the bioinorganic chemistry [10] . Recently, the introduction of secondary nitrogencontaining ligands into the metal-carboxylate system has been of interest not only because the use of mixed components can lead to novel structural features and interesting properties but also to make the construction process more controllable than with only a single ligand [11, 12] . However, syntheses involving mixed ligands are more difficult due to the different solubility of mixed organic ligands and the competition between different organic ligands for the metal [13] .
Experimental Material and methods
Elemental microanalysis (C.H.N) was performed on, Euro vector E A 3000 A, Al alBayt University (Jordan). The FTIR spectra of the solid compounds were done on a (Shimadzu) FT-IR-8400S spectrophotometer. Solid samples were run at Al-Mustansiriyah University. The 1 H -NMR was recorded in DMSO using a ultra-shield Bruker 300-MHz spectrometer at Al-Bayt University (Jordan). The mass spectra were done on GC MS -QP 2010 VLTRA at department of chemistry, College of science Al-Mustansiriyah University. The electronic spectra of the ligands and its complexes in various solvents (0.001M) were recorded on a Shimadzu UV-Vis spectrophotometer at Al-Mustansiriya University. The molar conductance of complexes was measured on Hana conductivity meter in DMSO. TG and DSC (Differential Scanning Colurimetry) thermo grams in different ranges were carried out at (R.T) heating rate = 10C 0 / min (Linseis STA PT-1000) were run in College of Education for Pure Science \Ibn-Haitham. The metal contents of the complexes were determined by atomic absorption measurements were performed by using the instrument Analytic Jena / A Spect LS /FL 1.3.0.0, A bnSina Center, Ministry of Industry. Magnetic moment for a prepared complex in the solid state at room temperature were measured according to Faraday's method using: Auto magnetic susceptibility Balance Sherwood Scientific. AL-Mustansiriyah University. The chloride content for complexes were determined by Mohr's method. Mass spectra were performed using the instrument: GC MS -QP 2010 VLTRA, AL-Mustansiriyah University. Purity of products was detected using T LC techniques using a mixture of chloroforms: methanol (4:1 v/v), and ethyl acetate: methanol (3:2 v/v), and Iodine chamber for spot location. The metal chloride CoCl2ꞏ6H2O, NiCl2ꞏ6H2O, CuCl2ꞏ2H2O and CdCl2.2H2O, were provided from Sigma-Aldrich company (UAE), 1, 4-phenylenediamine and solvents were supplied from Fluka company in 99% purity. All other chemicals used were of annular grade. The thermal analyses were scanned with differential scanning calorimetric (DSC) on STA PT-1000 Lenses Company/Germany. The measurement was conducted at a heating rate 100C /min. The samples were recorded at A solution of (1.6g, 0.0126 mole) 1,4 -di hydro quinoxaline in (20 ml) KOH (10%) [10gm KOH dissolved in 100ml ethanol] was added with stirring. Then (1.5g, 0.026 mole) ethyl chloro acetate was added drop wise. The reaction mixture was heating and stirring overnight on water bath, the grey precipitate washed several times with cold and derided to yielded 65% with melting point (122-124 0 C), Scheme 1.
Scheme ( For more information about the Conference please visit the websites: http://www.ihsciconf.org/conf/ www.ihsciconf.org 
Synthesis of metal complexes with L 2 ligand:
The metal complexes with L2 ligand were prepared as the same method established in item 2.4 except the changing in the weights of ligand and metal salts, Scheme 
Results and Discussion
The physical properties and the elemental analyses of the prepared ligands and their metal complexes are listed in table (1) . The founding presents of CHN values of the prepared compounds are in agreement with the theoretical values then confirm the expected structures. The metal complexes in DMSO solutions showed molar conductance in the region indicating that all complexes were neutral except cadmium (II) complexes which were electrolytes due to the presence of chloride species as counter ions in the structure of their structures [16] . As well as the metal estimation measured via FAAS indicated formula of complexes and the molar ratio 2:1 (L:M) in all metal complexes. The results obtained from flame atomic absorption spectroscopy for all solid complexes formed with the two ligands of quinoxaline) indicate the proper mole ratio 2:1.
FT-IR Spectra study
The FT-IR spectra of quinoxaline-2,3-dione derivatives (A) and (B) exhibited absorptions in the 1653-1734cm -1 and 1630-1590 cm -1 absorptions which are attributed to the esteric ν-C=O and ν-HC=CH-, ν-HC=N-of pyrazine ring, Table (2) . The L1 exhibited strong bands around 1660 and 1600 cm -1 assigning to vibration modes of carbonyl and immine respectively [13, 14] . As well as the appearance of medium absorptions around 3200-3300 cm-1 confirms the stretching of amino -NH2-moiety. The remarkable changes in these functional groups in the IR spectra of complexes to (1640-1654) and (1585-1610) cm assigning to ν-NH2 , ν-C=O, and ν-C=N modes respectively thereby support the ring closure to afford the quinoxaline ring. The infra-red spectra of the metal complexes formed with the two ligands exhibited significant variations in the modes of -NH-and -C=O in the ranges 3200-3300 cm 
NMR Study
The 1 H NMR of the two ligands were shown in figures (1, 2) where the variable peaks around (8.30.1-7.9) , (8. 5-8.90 ) and (9.02-9.253 ) ppm were assigned to the resonance of aromatic and pyrazine protons in the structure of two ligand L 1 . Furthermore, the absorptions around (2.20-3.74) , (4.02-4.70 ) and (5.20-8.20) ppm may be ascribed to spincoupling methylene -CH2-CH2-moiety, -NH-and the aromatic Ar-H protons respectively in the structure of L 2 ligand [13, 18] .
UV-Visible spectra
The electronic spectra of the ligands L exhibits an absorption around and in the 220 nm region assigning to the * transition which is remained in the spectra of all complexes. The peaks around 290 and 350 nm are assigned to nπ* transitions of (-C=N-, -C=C) groups and intra-ligand charge transfer [15] .The electronic spectra of cobalt(II) complex in DMSO solution exhibited spin-allowed d-d transitions at 650 and 550nm assigning to the T1g(P) transitions respectively, indicating the octahedral geometry around cobalt(II) ion [19] . Moreover, the pale green solution of nickel(II) complexes in DMSO showed a spin-allowed peak around 700-670 nm and two intense peaks around 280 and 218 nm which are assigned to Eg type with LMCT transition due to the Pi bonding of imine moiety of quinoxaline that has been bonded to the central metal ion. The solutions of cadmium (II) complexes in DMSO (10 -3 M) recorded high intensity peaks around 390-310 and 210-244 nm which are concerning with the transitions of π-π* , benzopyrazine bands and ligand to metal charge transfer respectively [17, 19] . The magnetic moments of the solid complexes were measured by Farady's method at 300 K 0 and the values observed for copper(II) and nickel(II) complexes were (1.65-1.80 ) and (2.80-2.76 ) BM which fall in the expected of one and two odd electrons for d 9 and d 8 configurations [20] . However, the increased magnetic susceptibility of cobalt(II) complexes in the (4.75-4.85 ) BM region supporting the octahedral geometry around Co(II) ion due to orbital contribution, Table ( 3).
Mass spectra:
The figures (3, 4) shows the mass spectra of the two ligands, hence, supports the molecular formula of their proposed structures. The mass spectra of the ligand (L 1 ), showed the parent ion peak at (M/Z =311) which corresponded to [M - ]. Other characteristic peaks were assigned to the fragments shown in scheme (6) . The mass spectra of ligand L2 illustrates the parent ion peak at at M/Z= 262 as the most stable species detected the other peaks detected 236, 174, 120 C. The data from the thermo gravimetric analysis clearly indicated that the decomposition of the complexes proceeds in four or five steps. The losing of hydrated water molecules was investigated from the exothermic peak around 50 -250 °C temperature hence, the formation of copper oxide CuO was residue above 600 °C, figure (5, 6) . For these complexes, the removal of water can proceed in one or two steps [17, 18] . All complexes lost hydration water between 50 and 120 °C, and then the coordinated water molecule was lost above ≥200°. The decomposition was complete at 350-600 °C for all complexes. Furthermore, the DSC analysis of nickel(II) complexes showed the stability of complexes in inert helium gas and the peaks as exothermic were very important to estimate some thermodynamic terms like entropy, enthalpy and Gibbs-Free energy [18, 21] . The activation energy E* of the thermal behavior of the copper (II), and nickel (II) complexes, figures (5) (6) (7) (8) (9) . The in the different stages is in the range of 31.14-333.95 kJmol 
Conclusions
The results obtained from elemental analyses, FT-IR, NMR and UV-Visible spectra for the two ligands L1, L2 of quinoxaline-2,3-dione and their metal complexes with cobalt(II), nickel(II), copper(II), zinc(II) and cadmium(II) have confirmed their expected structures and the data observed for metal complexes through TG-DTG and DSC assigned the thermal stability in addition to support the molecular weights of the prepared compounds. The proposed geometry of the prepared complexes is shown in scheme 5.
